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Abstract 
The occurrence of caverns, vugs, fractures, or fractures plus vugs is typically characteristic of a carbonate or volcanic 
reservoir, such as an Ordovician carbonate reservoir in Tarim or a Carboniferous volcanic reservoir in Karamay. 
Because the two reservoir types are highly heterogeneous and they are distributed in blocks, it is difficult to 
determine the productivity of a well therein. For this reason, the reservoir within the area controlled by the well is 
divided into two accumulation systems, i.e. fracture accumulation system & cavern accumulation system, so that a 
dual-seepage model is established to calculate its productivity. Calculation results of five real-life wells are consistent 
with the actual production data. And the scope of the fracture accumulation system along with the fracture parameters 
is determined by means of log interpretation or some other procedure. 
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1. Introduction 
It is quite difficult to determine the productivity of a single well in a fractured porous reservoir mainly 
because it is fairly difficult to determine the fracture's distribution and flow conductivity [1-7]. In general, 
carbonate, volcanic, and low-permeability reservoirs contain fractures and pores, and the former two kinds 
of reservoirs contain three media including fractures, pores, and caverns. Reservoirs of such kind, such as a 
lot of Ordovician carbonate reservoirs in Tarim, Carboniferous volcanic reservoirs in the Karamay Oilfield, 
and low-permeability reservoirs in Changqing Oilfield, are distributed in large numbers at home and 
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abroad. Productivity determination plays an important role in their rational development. At present, a 
relatively efficient way of determining the productivity of a single well in a reservoir of such kind is to do 
this by means of well test, production test, and reservoir test in the event that no reasonable well 
productivity calculation formula is available. The paper presents a new method to calculate it on the basis 
of equivalent seepage flow's features. 
2. Dual-seepage Model  
2.1 Modeling 
A carbonate or volcanic reservoir's accumulation spaces are typically fractures and caves/caverns and 
its matrix is extremely hard to permeate. In such a reservoir, fractures are main flow channels, and 
caves/caverns are main accumulation spaces. In general, a seepage physical model as shown in Figure 1 
can be made to represent a reservoir containing two media of fractures and pores. In the process of 
production, the fluid flows into fractures and then to the bottom of the well along the fractures. As for a 
reservoir containing the three media of fractures, caves/caverns, and matrix, a seepage physical model as 
shown in Figure 2 can be made to represent it. In the process of production, the fluid in the matrix or 
caves/caverns flows into fractures and to the bottom of the well along the fractures. A fractured porous 
reservoir may involve the above two seepage modes in the process of its development due to its features 
including heterogeneity. Low flow capacity of the fluid in the matrix allows the fluid in the fractures to 
flow into the bottom of the well at the beginning, and when a certain pressure difference occurs between 
fractures and matrix, the fluid in the matrix begins to flow into the fractures and then to the bottom of the 
well. So, an equivalent-flow physical model can be made as shown in Figure 3. Its physical significance 
is as follows: within the radius controlled by the well, the area within the radius of r1 around the bottom 
of the well is the accumulation system of fractures and caverns, and the area beyond the radius of r1 is the 
matrix accumulation system. The two accumulation systems have very different permeabilities and pore 
spaces. Differences between near-wellbore and remote formations on the well productivity are mainly in 
terms of system volume, permeability, and thickness. 
In the equivalent model of the heterogeneous reservoir, there are two homogeneous circular formations: 
the inner fracture system I has permeability of K1 and thickness of h; the outer matrix system II has 
permeability of K2 and thickness of h; the radius of the boundary between I and II is r1; and the reservoir's 
supply system is pe. According to the theories in fluid mechanics in porous medium, the following 
seepage equation is created: 
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Variable separation is performed to Darcy Equation for its solution, and the pressure distribution 
within the range of rwrr1 meets 
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Through integration, the pressure distribution is obtained as follows˖ 
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Obtain the well productivity q through integration, which is the productivity calculation formula of the 
composite reservoir (surface productivity) 
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Some vertical reservoir fractures might have thickness values higher than the matrix's thickness value 
if they extend deep in the vertical direction. If the two seepage areas have different thickness values, hf is 
defined as the thickness value of the fracture system, and h as the thickness of the matrix system, and in 
this case, the well productivity calculation formula is as follows 
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hf = f (Hf, Mf), a function of fracture height and density; r1 = f (ĳf, Kf), the converted drainage radius of 
the equivalent fracture system composed of fractures and pores; Į, productivity correction factor. 
3. Determination of Parameter Values  
3.1 Fracture Systerm 
In the equivalent dual-area model, the near-wellbore area is the fracture system, and it involves 
parameters as follows: permeability, K1; thickness, h; supply radius, r1. 
The fracture system's permeability K1 is an effective permeability, and it can be obtained by means of one 
of the following methods:  It can be calculated by using well test data;  It can be estimated by ķ ĸ
weighting permeability values obtained by means of log interpretation;  It can be calculated by means Ĺ
of numerical simulation, that is, historical matching done with a brought-in well or a reservoir of the same 
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kind;  ĺ The formula (2) can be used to carry out multi-well matching to obtain the relationship of well 
productivity and density, width, and length of the fracture system. 
The thickness h is the effective thickness of the reservoir. In general, fracture and pore systems have 
the same thickness in an equivalent model. And however, if a reservoir is deep, fractures therein are 
mostly vertical, and vertical fractures will extend beyond the reservoir's effective thickness, sometimes 
connecting two adjacent reservoirs. In this case, the inner fracture system's thickness is greater than the 
effective thickness of the reservoir actually interpreted. For this reason, the formula (2) is multiplied by a 
productivity correction factor Į, which is higher than or equal to 1. 
The supply radius is 
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Where, Nf – reserve in the fracture system within the area controlled by the well, m3; Nm – reserve in 
the matrix system within the area controlled by the well, m3; Įfm – ratio of reserve in fracture systems to 
reserve in matrix systems in the whole reservoir; ĳm – porosity of the matrix system; Smo – oil saturation 
of the matrix system; Sfo – oil saturation of the fracture system. 
3.2 Matrix System 
The external area of the equivalent dual-area model is the matrix system that involves the following 
parameters: matrix permeability K1, supply radius r1, and porosity ĳm. The parameters can be 
determined by using the following methods:  Experimental determination;  Well test analysis;  ķ ĸ Ĺ
Log interpretation;  Numerical simulation, that is, historical matching donĺ e with a brought-in well or a 
reservoir of the same kind. 
4. Case of Study 
Lungu Oilfield's well field 2 have parameters as follows: the oil in place is 1980×104t, the ratio of 
fracture system's reserve to matrix system's reserve is 0.0855, the fracture thickness is 40.5m, and the 
cavern thickness is 17.2m. For its other parameters, see Table 1. The formula (2) is used to perform 
analysis and calculation with the two wells LG1 and LG2 to obtain their single-well productivities. Also, 
single-well productivities of Karamay Oilfield's wells 7501, 7518, and Gu-29A in the Carboniferous 
System are calculated in the same way, and the calculation results are as shown in Table 1. The 
calculation results are very close to the actual production data. 
The thickness for calculation is determined by means of the actual liquid production profile, the 
converted radius is based on the radius controlled by the single well, and the equivalent volume is 
calculated by using the fracture's density and strength index on the base of the fracture porosity. The 
productivity correction factor Į is 1. 
5. Analysis of  Influencing Factors 
There have lots of factors to influence well productivity of fractured-porosity reservoir, including 
reservoir heterogeneity, medium type, fracture factors, seepage regional shape, formation damage, well 
type, bottom water coning, Non-Darcy flow. Whatever, all of these factors, are reflected in two aspects---
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seepage velocity and flow region. Below is a derived formula which not only reflect oil production per 
meter((JǄ),but also reflect the change of well productivity.       
Below will discuss separately the productivity effect factor, basing on LG2 well parameters and 300m 
single well control radius 
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5.1 Effect of Different Flow Regions on Well Productivity  
Single well productivity is directly related to single well control region in fractured- vugular -porosity 
reservoir, so we can calculate the effect size of different flow radius effect on oil production per 
meter(Fig.4)  
This figure shows that oil production per meter will be increasing with the fractured system’s supply 
radius increasing. When the fractured system’s radius is less than 8 meters, the supply radius increases, 
oil production per meter increases greatly with non-linear relationship; When supply radius is more than 8 
meters, the supply radius is liner with  productivity. On the contrary, if the control radius of well remains 
unchanged, oil production per meter will decline with the porosity’s supply radius. 
5.2 Effect of Permeability in Different Flow Regions on Well Productivity 
Single well productivity is directly related to single well control region in fractured- vugular -porosity 
reservoir, so we can calculate the effect size of different flow radius effect on oil production per 
meter(Fig.4)  
This figure shows that oil production per meter will be increasing with the fractured system’s supply 
radius increasing. When the fractured system’s radius is less than 8 meters, the supply radius increases, 
oil production per meter increases greatly with non-linear relationship; When supply radius is more than 8 
meters, the supply radius is liner with  productivity. On the contrary, if the control radius of well remains 
unchanged, oil production per meter will decline with the porosity’s supply radius. 
5.3 Effect of Permeability in Different Flow Regions on Well Productivity 
Well productivity is directly influenced by regions of well controlled, so we can calculate the effect 
size of fracture’s permeability and porosity’s permeability on oil production per meter(Fig.5)  
This figure shows that oil production per meter will be increasing with the fractured system’s 
permeability increasing. When the fractured system’s permeability is less than 200x10-3ȝm2, the well 
productivity is influenced greatly by pre-bore’s permeability; When the fractured system’s permeability is 
more than 200x10-3ȝm2, well productivity is influenced less by permeability’s change. Due to these, when 
the pre-bore’s permeability reached a certain value (200x10-3ȝm2) , the main object of artificially fracture 
in reservoir is to increase fracture length. In a sense, fracture length is more important then fracture width. 
When the porosity system’s pemeamility is changed, oil production per meter will be liner 
increasing under fracture parameters and well control radius unchanged(Fig.6). When the permeability 
increasing of porosity system ( base rock system) permeability is the same as the fracture system,the base 
rock system’s supply radius is equivalent to internal radius plus  and external radius, the well productivity 
is almot same in these two instance. This result show established formula is in accord with actual 
situation of reservoir. 
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6. Conclusions  
z Equivalent dual-seepage physical and mathematical models are made to represent a fractured porous 
reservoir. 
z The equation based on the dual-seepage mathematical model is solved, and how to determine related 
parameters is discussed. 
z Main reasons why a fractured porous system affects well productivity along with its variation 
pattern are discussed. 
z In case of a manualy fractured reservoir, fracture length has more influence on well productivity. 
z The calculated initial productivities of several wells in a fractured porous reservoir in Karamay on 
the base of the equation is highly consistent with its actual production data, and this indicates that the 
method set forth in the paper is practical. 
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Fig.1 Dual-seepage model schematic map 
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Fig. 2 Triple media seepage model schematic map 
 
 
 
 
 
 
 
 
Fig.3a Seepage section schematic map 
 
 
 
 
 
 
 
 
Fig.3b Seepage plane schematic map 
Fig.3 Equivalent dual-seepage model schematic map 
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Fig. 4   Effect of fracture suppy radius on productivity. 
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Fig. 5 Effect of fracture permeability on productivity. 
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Fig. 6 Effect of base rock permeability on productivity. 
Table 1 Formula (2)-based Calculated Initial Productivity & Actual Initial Productivity 
Well No. 
Matrix 
Permeabilit/10
-3ȝm2 
Effective Permeability 
in Fracture/10-3ȝm2 
Effective 
Thickness/
m 
Equivalent 
Radius/m 
Actual Initial 
Productivity/(t•d-1) 
Calculated Initial 
Productivity/(t•d-1)
LG1 19.00 200 32.8 10.0 115.0 124.0 
LG2 14.60 250 19.5 13.6 232.0 234.0 
7501 4.19 200 22.0 10.0 73.0 73.1 
Gu-29A 4.19 500 24.0 8.0 75.9 74.7 
7518 4.19 200 17.0 5.0 44.5 46.6 
 
